Introduction
============

Wilms' tumor (WT) is the most common pediatric renal malignancy[@b1-cmar-10-671] and affects approximately one child per 10,000 worldwide.[@b2-cmar-10-671] The current research direction for WT is to limit the intensity of treatment without changing the prognosis in low-risk patients and to find more effective treatments for high-risk patients because of their significantly improved survival, from 30% in the 1930s to more than 85% currently.[@b3-cmar-10-671] More and better prognostic factors are needed for risk stratification of different patients. Using the WT histological type or stage as a stratification system of risk factors is no longer suitable for all cases. Some new prognostic factors, including age, tumor quality,[@b3-cmar-10-671]--[@b5-cmar-10-671] loss of heterozygosity on chromosome 16q and 1p,[@b6-cmar-10-671]--[@b9-cmar-10-671] Axl expression,[@b10-cmar-10-671] and lymph node (LN) examination[@b11-cmar-10-671] were found to affect the prognosis of patients with WT. In recent years, the lymph node ratio (LNR) or lymph node density (LND) has gained increasing attention in research on rectal cancer,[@b12-cmar-10-671] colon cancer,[@b13-cmar-10-671]--[@b16-cmar-10-671] and other cancers because it has been demonstrated to have a promising prognostic value. A recent study from Saltzman et al[@b17-cmar-10-671] indicated that LND was significantly associated with overall survival in a favorable WT-based histology in 390 cases from the National Cancer Database during 2004--2013. However, more evidence is needed to further clarify whether LND is a prognostic factor for WT. The Surveillance, Epidemiology, and End Results database (SEER) database of the United States National Cancer Institute, which includes data from 1973 to 2014, is the largest registry of information on cancer incidence, mortality, survival, prevalence, and lifetime risk statistics in the United States. It includes 18 registries, which cover \~28% of the population in the United States.[@b18-cmar-10-671] The SEER database may be able to capture more WT cases.

The purpose of this study was to use the SEER database to determine the association between the LND and overall survival in WT.

Methods
=======

Patient selection
-----------------

Patient information was acquired from the SEER database, and this database was accessed using SEER\*Stat version 8.3.4.[@b19-cmar-10-671] We searched for patients by using the International Classification of Diseases for Oncology (ICD-O-3) histological diagnostic code 8960 for WT. We excluded patients whose LND could not be obtained. All data from the SEER database is freely available, and the projection of this study was approved by the institutional research committee of the First Affiliated Hospital of Xi'an Jiaotong University.

Analytic variables
------------------

Age, sex, race, number of LNs examined, SEER stage, tumor laterality, year of diagnosis, LND, follow-up time, and vital status were retrieved from the SEER database. The LND was defined as the number of positive LNs divided by the number of examined LNs.

Statistical analysis
--------------------

Patients were stratified according to the LND in the low LND group and high LND group. The stratification cutoff was determined based on the Classification and Regression Tree. Patient characteristics between the two groups were compared. The normality of the continuous variables was evaluated. Continuous variables are expressed as the mean ± SD conforming to the normal distribution and are otherwise expressed as the median (25th--75th percentile). Continuous variables that had a normal distribution were statistically compared with Student's *t*-test. Continuous variables that did not have the normal distribution were statistically compared with the Mann--Whitney *U* test. The categorical variables were compared with Pearson's χ^2^ test. Survival curves based on the LND stratification were plotted using the Kaplan--Meier method and compared with the log-rank test. Cox regression models were used to analyze the relationship between the variables and overall survival. Variables with statistical significance in the univariate Cox regression models were analyzed in multivariate Cox regression models. The LND was analyzed as a categorical variable in the Cox regression models. Ten times the LND (TLND) was analyzed as a continuous variable in the Cox regression models. All statistics were assessed with SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). A two-sided *P*≤0.05 was considered to be statistically significant.

Results
=======

Patient characteristics
-----------------------

The patient characteristics are shown in [Table 1](#t1-cmar-10-671){ref-type="table"}. In total, 1924 WT patients with an LND were included in the study. The median age of the patients was 3 years (25th--75th percentile was 2--5). The proportion of female patients was slightly higher than males (52.3% vs 47.7%). Most patients were white (76.3%), had a unilateral tumor (95.6%), were exposed to surgery (79.7%), and were diagnosed from 2000 to 2014 (71.5%). In the cohort, 832 patients had a localized tumor, 655 patients had a regional tumor, and 417 patients had a distant tumor. The median number of LN examined was 4 (25th--75th percentile was 2--7). The patient characteristics were stratified in different groups, namely, the low LND group and high LND group, applying 0.22 as cutoff value based on the Classification and Regression Tree. There were statistically significant differences between the two patient groups according to age (*P*\<0.001), number of LNs examined (*P*\<0.001), SEER stage (*P*\<0.001), and tumor laterality (*P*=0.008).

Survival analysis
-----------------

Representative Kaplan--Meier curves that were generated according to the LND stratification are shown in [Figure 1](#f1-cmar-10-671){ref-type="fig"}. The overall survival for the low LND group at 5, 10, and 20 years was 94.1%, 92.6%, and 90.6%, respectively. The overall survival for the high LND group at 5, 10, and 20 years was 81.4%, 80.8%, and 79.1%, respectively. The log-rank test showed that there were significant differences in overall survival between the low LND group and high LND group (*P*\<0.001).

[Table 2](#t2-cmar-10-671){ref-type="table"} shows the risk factors related to survival according to Cox regression. We included age, sex, race, number of LNs examined, SEER stage, tumor laterality, year of diagnosis, and LND stratification to perform univariate Cox regression. Further multivariate Cox regression analysis showed that age (hazard ratio \[HR\] =1.049, *P*\<0.001), race (HR =1.992 for other vs white, *P*=0.022), SEER stage (HR =2.893 for distant vs localized, *P*\<0.001), tumor laterality (HR =2.014 for bilateral vs unilateral, *P*=0.021), and LND stratification (HR =2.102 for high LND vs low LND, *P*\<0.001) were significant risk factors for poor overall survival.

We used the TLND (a continuous variable) instead of the LND stratification (a categorical variable) to analyze the risk factors according to the Cox regression ([Table 3](#t3-cmar-10-671){ref-type="table"}). In multivariate Cox regression, age (HR =1.049, *P*\<0.001), race (HR =2.949 for other vs white, *P*=0.026), SEER stage (HR =2.965 for distant vs localized, *P*\<0.001), tumor laterality (HR =1.998 for bilateral vs unilateral, *P*=0.023), and TLND (HR =1.098, *P*\<0.001) had a significant association with poor overall survival.

Discussion
==========

In recent years, numerous studies have shown that LNR or LND is consistently associated with poor prognosis in various cancers, including cancers in the head and neck,[@b20-cmar-10-671]--[@b23-cmar-10-671] rectal cancer,[@b12-cmar-10-671] colon cancer,[@b13-cmar-10-671]--[@b16-cmar-10-671],[@b24-cmar-10-671] gastric cancer,[@b25-cmar-10-671]--[@b29-cmar-10-671] pancreatic cancer,[@b30-cmar-10-671] and the ampulla of Vater cancer.[@b31-cmar-10-671] Furthermore, a study including 390 cases from the National Cancer Database published in 2017 suggested that LND might be a prognostic factor for favorable WT histology.[@b17-cmar-10-671] However, the association of LND with the prognosis of WT patients still needs to be confirmed. Therefore, we utilized the SEER database to study the impact of LND on overall survival of patients with WT. In this study, we included 1,924 cases for whom the LND data were obtained from the SEER database; these cases were divided by LND into the low LND group and high LND group, with 0.22 as a cutoff point. The Kaplan--Meier curves showed that the high LND group had lower 5-, 10-, and 20-year survival rates compared to the low LND group based on the log-rank test. However, we found that low LND and high LND patients were not balanced with respect to age, number of LNs examined, SEER stage, and tumor laterality in the baseline comparison between the two groups. Therefore, all of the variables, including the LND stratification, were compared through univariate analysis and multivariate analysis using Cox regression to control the confounding factors. The results showed that age, race, SEER stage, tumor laterality, and LND stratification were significantly associated with poor overall survival of WT patients. Although we used the Classification and Regression Tree method to determine a cutoff point of 0.22 and the study of Saltzman et al[@b17-cmar-10-671] used 0.38 as the cutoff point, it was necessary to find the optimal LND cutoff for use in future clinical studies. To make the results more conservative, TLND as a continuous variable, instead of LND stratification, was included for reanalysis by Cox regression. Age, race, SEER stage, tumor laterality, and TLND, similarly, were significantly associated with poor overall survival. We included TLND instead of the LND. TLND ranges from 0 to 10, while the LND ranges from 0 to 1. The HR for TLND in multivariate analysis was 1.098. This means that there was a 9.8% increase in the mortality risk if TLND increased by 1, meaning that the LND increased by 10%. Therefore, the specific meaning of HR can be determined by analyzing TLND instead of the LND.

Although we did not obtain chemotherapy and radiotherapy data from the SEER database, the year of diagnosis was categorized to represent treatment differences to some extent according to the publication years of the 2, 3, 4, and 5 trials of the National Wilms' Tumor Study Group (NWTS) (1981, 1989, 1998, 2001, respectively).[@b5-cmar-10-671],[@b32-cmar-10-671]--[@b34-cmar-10-671] The study of Ali et al[@b35-cmar-10-671] showed WT patients diagnosed after 1981 (the publication year of NWTS 2) had better survival than those diagnosed before 1981, which may be due to the improvement of chemotherapy based on NWTS 2. The SEER database includes data from 1973 to 2014. Moreover, the earliest year of diagnosis in this study for the included patients was 1988, and our study did not show stratification based on the year of diagnosis, which was significantly associated with survival for WT patients. This may be because patients who were diagnosed earlier than 1988 were excluded because they did not have LND data.

Theoretically, the number of LNs examined should be related to the WT prognosis because the examination of more LNs improves the accuracy and reliability of the tumor stage and stage impact of WT prognosis. The study of Zhuge et al[@b11-cmar-10-671] from the SEER data and the Florida Cancer Data System found that the number of LNs examined is significantly associated with survival in WT. Moreover, our study did not find a significant association between the number of LNs and survival. This may be because of the following reasons: our study only included SEER data; we excluded patients whose number of LNs examined was 0 because the LND could not be obtained; and the number of LNs examined was analyzed as a continuous variable in this study rather than as a categorical variable, as in the study of Zhuge et al.[@b11-cmar-10-671] In addition, the results were supported by the study of Saltzman et al.[@b17-cmar-10-671] Therefore, the relationship between the number of LNs and WT prognosis needs to be further clarified.

The limitations in the study
----------------------------

In the current study, there were still some limitations that need to be discussed. First, the baseline clinical characteristics in the low LND group and high LND group were not balanced regarding age, number of LNs examined, and SEER stage, and we did not adjust them to balance the data by propensity matching; therefore, the unadjusted Kaplan--Meier curve is shown in [Figure 1](#f1-cmar-10-671){ref-type="fig"}. Second, 20% of 1,924 cases did not have surgery data in the SEER data. It is generally accepted that a data loss of more than 20% is serious. We also could not identify the type of surgery in the remaining cases. Therefore, we did not include surgery data in the Cox regression analysis. However, it is necessary to analyze surgery data because surgery is an important treatment for WT and may be related to the LND. Third, the tumor staging system that the SEER database uses is the American Joint Committee on Cancer (AJCC) staging and SEER stage. Although AJCC staging is widely used in various tumors, there are no WT stages in AJCC staging. The WT staging system is mainly based on NWTS and International Society of Pediatric Oncology.[@b3-cmar-10-671],[@b36-cmar-10-671],[@b37-cmar-10-671] Therefore, we can only use the SEER stage, which is rarely used in WT. Fourth, the chemotherapy and radiotherapy data were obtained from the SEER database, which were important prognostic factors for WT.

Conclusion
==========

The current results show a significant association between the LND and overall survival in WT. Use of the LND may provide a better prediction of the prognosis of WT patients and guidance to adjust treatment. Further study is needed to research better treatment options based on prognostic factors to allow for a therapeutic reduction in low-risk patients and produce better survival in high-risk patients.
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###### 

Patient characteristics in the study

  Variable                                       Total          Low LND        High LND     *P*-value
  ---------------------------------------------- -------------- -------------- ------------ -----------
  Patients, n                                    1,924          1,641          283          
  Age (years), median (25th--75th percentile)    3 (2--5)       3 (2--5)       4 (3--6)     \<0.001
  Sex, n (%)                                                                                0.529
   Male                                          917 (47.7)     787 (48.0)     130 (45.9)   
   Female                                        1,007 (52.3)   854 (52.0)     153 (54.0)   
  Race, n (%)                                                                               0.196
   White                                         1,468 (76.3)   1,240 (75.6)   228 (80.6)   
   Black                                         329 (17.1)     287(17.5)      42 (14.8)    
   Other                                         105 (5.5)      94 (5.7)       11 (3.9)     
  LNs examined, median (25th--75th percentile)   4 (2--7)       4 (2--8)       3 (2--5)     \<0.001
  SEER stage, n (%)                                                                         \<0.001
   Localized                                     832 (43.2)     832 (50.7)     0 (0.0)      
   Regional                                      655 (34.0)     506 (30.8)     149 (52.7)   
   Distant                                       417 (21.7)     283 (17.2)     134 (47.3)   
  Surgery, n (%)                                                                            0.584
   Yes                                           1,533 (79.7)   1,308 (79.7)   225 (79.5)   
   No                                            6 (0.3)        6 (0.4)        0 (0.0)      
   Unknown                                       385 (20.0)     327 (19.9)     58 (20.5)    
  Tumor laterality, n (%)                                                                   0.008
   Unilateral                                    1,840 (95.6)   1,561 (95.1)   279 (98.6)   
   Bilateral                                     84 (4.4)       80 (4.9)       4 (1.4)      
  Year of diagnosis, n (%)                                                                  0.161
   1988                                          24 (1.2)       22 (1.3)       2 (0.7)      
   1989--1997                                    359 (18.7)     303 (18.5)     56 (19.8)    
   1998--2000                                    166 (8.6)      133 (8.1)      33 (11.7)    
   2000--2014                                    1,375 (71.5)   1,183 (72.1)   192 (67.8)   

**Abbreviations:** LNs, lymph nodes; LND, lymph node density; SEER, Surveillance, Epidemiology, and End Result.

###### 

Univariate and multivariate Cox regression analysis using the LND as a categorical variable

  Variable             Univariate analysis   Multivariate analysis                                        
  -------------------- --------------------- ----------------------- --------- ----------- -------------- ---------
  Age                  1.045                 1.03--1.06              \<0.001   1.049       1.032--1.065   \<0.001
  Sex                                                                                                     
   Male                Reference                                                                          
   Female              0.961                 0.702--1.317            0.806                                
  Race                                                                                                    
   White               Reference                                               Reference                  
   Black               1.22                  0.811--1.836            0.34      1.268       0.842--1.91    0.256
   Other               1.802                 1.015--3.202            0.044     1.992       1.103--3.595   0.022
  LNs examined         0.984                 0.954--1.015            0.303                                
  SEER stage                                                                                              
   Localized           Reference                                               Reference                  
   Regional            1.701                 1.115--2.593            0.014     1.467       0.939--2.29    0.092
   Distant             3.839                 2.578--5.717            \<0.001   2.893       1.85--4.514    \<0.001
  Tumor laterality                                                                                        
   Unilateral          Reference                                               Reference                  
   Bilateral           1.988                 1.127--3.51             0.018     2.014       1.111--3.653   0.021
  Year of diagnosis                                                                                       
   1988                Reference                                                                          
   1989--1997          2.836                 0.387--20.778           0.305                                
   1998--2000          3.798                 0.503--28.656           0.196                                
   2000--2014          3.156                 0.434--22.957           0.256                                
  LND stratification                                                                                      
   Low LND             Reference                                               Reference                  
   High LND            2.804                 1.998--3.934            \<0.001   2.102       1.44--3.07     \<0.001

**Abbreviations:** HR, hazard ratio; LNs, lymph nodes; LND, lymph node density; SEER, Surveillance, Epidemiology, and End Result.

###### 

Univariate and multivariate Cox regression analysis using the LND as a continuous variable

  Variable            Univariate analysis   Multivariate analysis                                        
  ------------------- --------------------- ----------------------- --------- ----------- -------------- ---------
  Age                 1.045                 1.03--1.06              \<0.001   1.049       1.032--1.065   \<0.001
  Sex                                                                                                    
   Male               Reference                                                                          
   Female             0.961                 0.702--1.317            0.806                                
  Race                                                                                                   
   White              Reference                                               Reference                  
   Black              1.22                  0.811--1.836            0.34      1.242       0.825--1.869   0.299
   Other              1.802                 1.015--3.202            0.044     2.949       1.081--3.513   0.026
  LNs examined        0.984                 0.954--1.015            0.303                                
  SEER stage                                                                                             
   Localized          Reference                                               Reference                  
   Regional           1.701                 1.115--2.593            0.014     1.531       0.988--2.375   0.057
   Distant            3.839                 2.578--5.717            \<0.001   2.965       1.907--4.612   \<0.001
  Tumor laterality                                                                                       
   Unilateral         Reference                                               Reference                  
   Bilateral          1.988                 1.127--3.51             0.018     1.998       1.101--3.624   0.023
  Year of diagnosis                                                                                      
   1988               Reference                                                                          
   1989--1997         2.836                 0.387--20.778           0.305                                
   1998--2000         3.798                 0.503--28.656           0.196                                
   2000--2014         3.156                 0.434--22.957           0.256                                
  TLND                1.143                 1.095--1.193            \<0.001   1.098       1.046--1.152   \<0.001

**Abbreviations:** HR, hazard ratio; LNs, lymph nodes; LND, lymph node density; SEER, Surveillance, Epidemiology, and End Result; TLND, ten times the LND.
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